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Summary 
Mice homozygous for deletions around the albino lo- 
cus fail to activate expression of a set of neonatal liver 
functions and die shortly after birth. This phenotype 
is thought to result from the loss of a positive frans- 
acting factor, denoted a/f, in deletion homozygotes. 
Using differential cDNA screening, we isolated and 
characterized genes whose cell type-specific tran- 
scription is affected by a/f and found as a common fea- 
ture that expression of these genes is induced by glu- 
cocorticoids and cAMP. Surprisingly, a subset of these 
a/f-responsive genes is negatively controlled by the 
tissue-specific extinguisher locus Tse-7. Administra- 
tion of glucocorticoids and cAMP leads to reversal of 
Tse-l-mediated extinction of these genes. These re- 
sults show that two trans-acting factors coordinately 
regulate expression of overlapping sets of liver-spe- 
cific genes. We suggest that both the lethal phenotype 
and the extinguished state result from interference 
with hormone signal transduction. 
Introduction 
Multicellular organisms develop from a single cell, the zy- 
gote, which gives rise to a variety of cell types with differ- 
ent structures and functions. To understand the differenti- 
ation processes that yield these various phenotypes it is 
necessary to elucidate mechanisms by which genes are 
selectively expressed. Of particular importance for the es- 
tablishment of a given pattern of gene activity is the inter- 
play between controlling genes and signaling molecules 
such as hormones. Furthermore, it seems clear that tis- 
sue-specific patterns of gene activity depend on both pos- 
itive and negative regulatory factors. 
The tyrosine aminotransferase (TAT) gene is an exam- 
ple of a gene whose expression is controlled by positive 
and negative factors and by hormones. TAT expression is 
regulated by two genetically defined, transacting loci 
(Gluecksohn-Waelsch, 1979; Killary and Fournier, 1984) 
and is induced by both glucocorticoids and glucagon act- 
ing via CAMP (Granner and Beale, 1985). The TAT enzyme 
participates in hepatic gluconeogenesis and is synthe- 
sized exclusively in parenchymal cells of liver. Although 
enzyme synthesis normally rises within the first few hours 
after birth (Greengard, 1970), synthesis can be induced 
prematurely by administration of glucagon, which increases 
CAMP levels. This signaling molecule may play a role in 
the developmental activation of this gene, suggesting that 
the gene may be primed for expression in hepatocytes be- 
fore hormones induce developmental activation (Green- 
gard, 1969; Yeoh et al., 1979). 
Albino mice homozygous for specific chromosome 7 de- 
letions fail to activate a group of liver enzymes at birth, 
with resulting perinatal lethality. This suggests that a posi- 
tive transacting factor required for expression of these 
genes is encoded in the deleted region (Gluecksohn- 
Waelsch, 1979). TAT and phosphoenolpyruvate carboxy- 
kinase (PEPCK) activities, two of the affected enzymes, 
are reduced along with the corresponding mRNAs (Schmid 
et al., 1985; Loose et al., 1986). lnducibilityof the TATgene 
by glucocorticoids and CAMP is absent in deletion homo- 
zygotes (Schmid et al., 1985). The effects of the albino le- 
thal deletions are highly specific, and most liver functions 
assayed are not affected (Gluecksohn-Waelsch, 1979). 
Furthermore, 2D-gel analysis of proteins from normal and 
mutant mice indicate that levels of relatively few liver pro- 
teins were affected (Baier et al., 1984). Ultrastructural 
abnormalities were observed in the liver and proximal tu- 
bules of the kidney, suggesting that the mutation also in- 
fluenced gene expression in kidney (Trigg and Glueck- 
sohn-Waelsch, 1973). At least one of the affected enzymes, 
PEPCK, is known to be expressed in liver and in the prox- 
imal tubules of kidney (Meisner et al., 1985). Thus, the 
regulatory factor, which we denote a/f (factor indicated by 
the albino lethal mutation), appears to be important for the 
biochemical maturation of hepatocytes and cells of the 
proximal tubules of the kidney. 
A second locus that affects TAT gene activity has been 
identified by analyzing somatic cell hybrids between 
hepatoma cells and fibroblasts (Schneider and Weiss, 
1971; Killary and Fournier, 1984). In hepatoma hybrids re- 
taining mouse chromosome 11 or a specific region of hu- 
man chromosome 17, TAT and PEPCK gene expression 
is selectively repressed, while expression of other liver 
genes is unaffected (Lem et al., 1988). This trans-domi- 
nant effect is mediated by a genetic locus designated 
tissue-specific extinguisher 1 (Tse-7) (Killary and Fournier, 
1984). Another extinguisher locus (Tse-2) that maps to a 
different mouse chromosome (Petit et al., 1986; Chin and 
Fournier, 1989) selectively affects albumin and alcohol de- 
hydrogenase. 
It is not known how a/f acts to control cell- and devel- 
opmental-specific expression of the TAT gene and what 
role glucocorticoids and CAMP play in this induction. As 
indicated by the fact that TAT expression is not inducible 
in mutant mice, we hypothesized that the inducers cooper- 
ate with the transacting factor a/f (Schmid et al., 1985; 
Gluecksohn-Waelsch, 1987). This hypothesis is supported 
by the finding that glucocorticoid induction, but not metal 
induction of the metallothionein gene, is affected in livers 
from mutant mice (DeFranco et al., 1988). 
Is the coordinate regulation of TAT and PEPCK genes 
